Background: Dengue fever is a mosquito-borne infectious disease that has caused major 23 health problems. Variations in dengue virus (DENV) genes are important features of epidemic 24 outbreaks. However, the associations of DENV genes with epidemic scale have not been 25 extensively examined. Here, we assessed new genotype invasion of DENV-1 isolated from 26 Guangzhou in China to evaluate associations with epidemic outbreaks.
Introduction
outbreaks have not been sufficiently evaluated. 114 There are three scenarios under which new genotype invasion may occur in a specific area. 115 First, genetic variation worldwide produces new genotypes. Second, genotypes that are 116 prevalent in local areas are transmitted to areas in which there are no such genotypes. Third, 117 genotypes that have been silent for years suddenly emerge. The status of dengue in China is 118 still that of an imported disease, that can trigger local transmissions [20] . Guangzhou has 119 emerged as an important hotspot, with the number of reported cases exceeding half those 120 recorded nationwide. Currently, Guangzhou is still regarded as a nonendemic area for dengue, 121 supported by numerous studies of mathematical and statistical modeling, virus evolution, and 122 epidemiology [10, 19, 20] . In mainland China, particularly Guangzhou, many studies have 123 evaluated serotyping and genotyping based on the E gene. However, sequence analysis based 124 on the complete genome has not been performed deeply, and efforts to elucidate the impact of 125 introduction of new genotypes on outbreaks have been insufficient. 126 Because DENV-1 is a representative serotype causing dengue outbreaks in Guangzhou, in 127 this study, we analyzed new genotype invasion and the capacity of different genotypes to drive 128 outbreaks by phylogenetic analysis based on DENV-1 complete genome sequences. We also 129 explored the hypothesis of new genotype invasion as the main driver in major outbreak years. 130 Our findings are expected to provide insights into viral evolutionary dynamics and the potential 131 causes of massive outbreaks, which will help improve prevention and control measures for 132 dengue. 163 We selected representative virus strains and variants for complete genome sequencing. Specific than Chinese strains, only one reference strain was randomly selected for phylogenetic analysis 188 when multiple strains were isolated from the same year and the same country and when their 189 evolutionary distance was zero after multiple sequence alignment by the K80 model. , including 2002 and 2003, 2006 and 2007, and 2013 and 2014. 195 Therefore, these three periods were considered three distinct outbreak years in the analysis. 196 Here, we investigated the association of new genotype invasion with incidence rate by 197 including new genotype as the study factor and the incidence rate in each outbreak year as the 198 dependent variable, while using the average incidence rate during study years (median 199 incidence rate) as the control. The incidence rates were compared with relative risks (RRs) and 200 95% confidence intervals (95% CIs) calculated to determine whether the effects of genotype 201 were statistically significant. Because 2013 and 2014 were the most important years for DF outbreaks in Guangzhou, we 206 evaluated the ability of genotype III to drive more severe infections in comparable communities 207 during these two periods. Comparable communities that shared genotype III or genotype I 208 outbreaks were selected based on similar sizes of permanent resident populations and local 209 environment types. We then calculated RRs and 95% CIs to determine the capacity of different 210 genotypes to drive the outbreak during the same epidemic period. In order to explore differences in the capacities of various genotypes to drive outbreaks in 214 different years, we employed univariate and multivariate linear regression models. Community 215 incidence caused by different genotypes was used as the dependent variable, genotype was 216 used as the independent variable, and population density was used as the adjusting variable.
217
The models were tested by analysis of variance with regression coefficients confirmed by t 218 tests, and factors with P values of less than 0.05 were retained in the final model. File Table S2 ).
237
As shown in Table 1 Phylogenetic analysis using complete genome sequences showed that DENV-1 was generally 247 classified into three genotypes, i.e., genotype I, II, and III (Additional File Figure S1 ). All three Shiweitang. The results showed that the risk of genotype III as a new genotype for driving 334 outbreaks in 2013 was 2.49 times higher than that of genotype I (95% CI: 1.89-3.28; Table 3 ).
336
Association of different genotypes with outbreaks over the years 337 We used a linear regression model to analyze the relationships between the epidemic capacities 338 of different genotypes where the community incidence caused by different genotypes was 339 selected as the dependent variable, the factorial genotype was included as the independent 340 variable with genotype I being the reference, and population density was entered as the 341 adjusting variable. Both univariate and multivariate analyses demonstrated that genotype III 342 showed a positive correlation and the greatest regression coefficient in magnitude with 343 statistical significance (Table 4 ). Additionally, there was no statistically significant association 344 between genotypes II and I. suggesting that NS3 and E gene sequences experienced faster mutation after the DENV-1 359 genotype III invaded Guangzhou (Table 5 , Additional File Figure S2 ). which had dominated the epidemics in previous years. This high-intensity outbreak was mainly
